82 (2) the other in Alaska (Sealy 1975; Pitocchelli and others 1995) ; therefore, little is known of the discreteness of populations within the range of the species. Further, like most alcids, marbled murrelets are monomorphic in plumage and body size (Bedard 1985) and, therefore, cannot be sexed in the hand. Although a reliable molecular technique for sexing them has recently been established (Vanderkist and others 1999) , it necessitates taking a sample of blood and having expertise in DNA laboratory techniques. Therefore, it would be advantageous if a technique for reliably and accurately determining the sex of marbled murrelets in the field was established. While both previous studies described morphological differences between the sexes of murrelets, neither assessed the accuracy and reliability of using morphometric characters to identify the sex of individuals.
Before a discriminant function for determining the sex of individuals of a species can be used, the extent of variation within the species needs to be known, as do the biases from intraand inter-observer inconsistencies (Lougheed and others 1991; Phillips and Furness 1997) . Few seabird studies have assessed the effect of inter-observer differences in measurement techniques (Barrett and others 1989) , although the use of a number of observers is often necessary in many longer-term studies.
The aims of this study were to: (1) describe aspects of the morphology of marbled murrelets from 2 sites in coastal British Columbia and compare the discreteness of these populations to data from other populations, (2) assess morphological variation of murrelets among years and times of day (to determine if morphologically dissimilar parts of the population use the inlets at different times of day), (3) determine if morphometric characters could be used to accurately identify the sex of marbled murrelets, and (4) assess the degree of inter-and intra-observer variability in measurements throughout the study.
STUDY AREA AND METHODS
Field work in British Columbia was undertaken at Desolation Sound (50004'N, 124?42'W) from May to August, 1994 to 1997, and at Mussel Inlet (52051'N, 128 ?10'W, 380 km north of Desolation Sound) from June 24 to July 9, 1997. Marbled murrelets were captured using a shallow-water mist net system (Burns and others 1995; Kaiser and others 1995; Derocher and others 1996) and by 'night-lighting' (modified from Whitworth and others 1997). Mist nets were operated for 2 to 3 hr around dusk (2000 to 2300, local time) and at dawn (0400 to 0700), with birds being caught as they moved to and from forest areas, presumably on foraging trips. Night-lighting was carried out in the open waters of Desolation Sound from midMay to early August 1997 and in Mussel Inlet from June 24 to July 9, 1997. Birds were caught at night (2300 to 0500) when they were on the water, by searching in boats using spotlights. Once a bird was spotted it was approached slowly and scooped into the boat using a landing net. Night-lighting allowed the capture of breeding birds earlier in the season than did mist-netting and the capture of recently fledged juveniles for the 1st time at Desolation Sound.
Captured birds were weighed and banded with stainless steel Canadian Wildlife Service/ U.S. Fish and Wildlife Service bands. The following morphometrics were taken to the nearest 0.1 mm, using calipers except where stated (based on Prater and others 1977): flattened wing chord length (measured from the wrist joint to the tip of the longest primary using a metal ruler), length of exposed culmen, bill width (measured just anterior of the nares), bill height (measured just anterior to the edge of the cuticle), and tarsus length (measured from the proximal end of the tarsus at the inter-tarsal joint to the foot scale at which the toes emerge). No tarsus measurements were taken at Desolation Sound during 1995). We report morphometric details as mean I standard deviation.
Two ml of blood were taken from the tarsal vein to determine the sex of individuals by using the molecular technique of Vanderkist and others (1999) . The birds were then released.
Inter-observer Effects
More than 20 people measured marbled murrelets during this study. The degree of consistency in measurements among observers (Barrett and others 1989; Hamer and Furness 1991) was assessed within each year. Data were used from observers who had measured a minimum of 6 murrelets; because there was only 1 measurer in 1994, within-year comparisons were only made using data from 1995 to 1997. Two observers worked on the program for >1 yr and their data were compared among years in an effort to ascertain whether inter-annual variability in marbled murrelets was real or as a result of inter-observer effects. The morphometrics of marbled murrelets recaptured during the study period were also assessed to determine if morphological changes occurred over time, and to get an estimate of percent measurement error (%ME) for each morphological character (see Bailey and Byrnes 1990) . Because only 1 murrelet was recaptured >1 time, comparisons were made between the original capture year and the subsequent recapture year. Percent ME was calculated by determining the within and among bird components of variance and then using a formula based on Bailey and Byrnes (1990) (but, as recaptured birds were not always measured by the same observer, this is an adaptation of the Bailey and Byrnes model):
Morphometric Comparisons
Adult and recently fledged juvenile marbled murrelets were assessed separately, and only birds that had been sexed using the molecular technique (Vanderkist and others 1999) were used in the analyses. Juveniles were determined by plumage (Carter and Stein 1995) and the presence of egg teeth (during this study some marbled murrelets were observed to have 2 egg teeth).
In order to examine inter-and intra-population variation, comparisons were made between adults and juveniles (the latter were only caught in 1997), sexes, years, sites (Desolation Sound versus Mussel Inlet), methods (mist-netting versus night-lighting), and capture sessions (morning, evening, and all night). Data from the most experienced observers with the largest sample sizes were used in the analyses. Comparisons of culmen length and wing chord length among years, sexes, sites, methods, and sessions were made using ANOVAs and t-tests. Due to lack of normality in the data that transformations did not resolve, the other variables (bill width, bill height, and tarsus length) were compared using non-parametric Mann-Whitney and Kruskal-Wallis tests. In order to remove inter-observer effects when assessing inter-annual and site differences, the deviation of each measurement from the mean of all mea- Ln Lf? C? C C?
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Cl N 00\ ON 000 (2) surements was calculated. These were then compared using ANOVAs and t-tests. We were interested in determining if morphologically dissimilar murrelets (which could represent different age classes) were caught at different times of day or with the different capture methods at Desolation Sound. As a malebiased sex ratio has been found in birds captured using mist-netting, but not night-lighting at this site (Vanderkist and others 1999), we wanted to assess whether this pattern was reflected in other characters. Comparisons among sites and methods were made using data from only 1997, as this was the only year work was conducted at Mussel Inlet and when night-lighting was used. There were insufficient samples to examine methods and capture sessions during any year other than 1997. Comparisons among methods and capture sessions were made using data collected by 1 observer to avoid inter-observer effects in this test.
Discriminant Function Analysis
Discriminant function analysis (DFA) was conducted using all variables to determine if male and female marbled murrelets could be accurately assigned to sex using morphometric characters. The accuracy of the DFA was crosschecked using a jacknife analysis (Tabachnik and Fiddell 1989) . Each variable was then dropped and the DFA re-run to determine if accuracy could be improved. A discriminant formula was derived using variables that resulted in the most accurate DFA. Due to significant differences among years and sites the DFA was conducted on data from only 1 year and 1 site (1997 birds at Desolation Sound, as this data set had the largest sample size). Due to significant inter-observer differences a 2nd DFA was performed on murrelets measured by only 1 person (from 1997, the observer with the largest sample size). DFAs were conducted on adults and juveniles separately, and between adults and juveniles within each sex.
RESULTS
A total of 937 marbled murrelets were captured from 1994 to 1997 at Desolation Sound (n = 818), and Mussel Inlet (n = 119) during 1997.
Excluding birds that could not be sexed, or were recaptured (assessed separately), the morphometrics of 664 murrelets (391 males and 273 females) were available for analysis (Table   1 ).
Inter-observer Effects Significant differences were found among observers' measurements in some variables (Fig. 1) . Bill width, wing chord length and culmen length were the most inconsistent among observers (Table 2) . Inter-annual comparisons of measurements made by the same observer (observers 1 and 2) were more consistent than those found in the entire data set. No significant differences were found between years in any variables measured by observer 1, while male wing chord length and female bill height measured by observer 2 were significantly different between years ( Table 2) .
The deviation of male wing chord length and female bill width from the mean of all measurements remained significantly different between Mussel Inlet and Desolation Sound (wing chord length: F3, 157 = 4.2, P < 0.007; female bill width: F3, 98 = 8.7, P < 0.0001; other variables: P > 0.05).
Sixty-six marbled murrelets were recaptured in different years (Table 3 ). Significant differences were found between the 2 measurement periods in bill height (U = 2983.5, P < 0.05), bill width (U = 2949.5, P < 0.05), and tarsus length (U = 411.0, P < 0.05), but not in wing chord length (t97 = 1.0, n.s.) or culmen length (t96 = 0.06, n.s.). In all cases the morphometrics of murrelets were smaller upon recapture than during the original measurement (bill height: year 1, 6.1 ? 0.4 mm, n = 51; year 2, 5.8 1 0.4 mm, n = 51; bill width: year 1, 4.5 1 0.8 mm, n = 51; year 2, 4.1 J 0.6 mm, n = 51; tarsus (Table   5 ).
Comparison of deviations of birds from Mussel Inlet to those at Desolation Sound indicated that male murrelets from Mussel Inlet had significantly smaller culmen lengths (t95 = 5.4, P < 0.0001) and tarsus lengths (t75 = 3.3, P < 0.002) but were not significantly different in the other variables (wing chord length t104 = 0.8, bill width t92 = 0.4, bill height t90 = 0.8). Female murrelets differed significantly between the 2 sites in culmen length (t112 = 3.0, P < 0.003), wing chord length (tl26 = 2.0, P < 0.05), and tarsus length (t114 = 3.4, P < 0.001), but not in bill width (t117 = 1.9, P > 0.05) or bill height (t117 1.5, P> 0.05).
Discriminant Function Analysis
Male and female murrelets differed significantly in size during all years of the study (overall, female measurements as a percentage of male measurements were: wing chord length 98.6%, culmen length 97.8%, bill width 97.8%, bill height 98.1%, and tarsus length 98.2%; Tables 1 and 6). However, the variables that differed were not consistent each year. During 1994 adults differed only in bill height, during 1995 wing chord and culmen length were different, no variables differed in 1996, and in Wing chord length t155 = 7.3, P < 0.001 tl09 = 6.5, P < 0.0001 Culmen length t155 9.2, P < 0.001 t120 = 6.4, P < 0.0001 Bill width U = 11756.5, P < 0.05 U = 6971.0, P < 0.05 Bill height U = 12056.5, P < 0.05 U = 7173.5, P < 0.05 Tarsus length U = 11582.0, P < 0.05 U = 6778.0, P > 0.05 1997 wing chord length, bill height, and tarsus length were significantly different (Tables 1  and 6 ). Significant differences in bill width, bill height, and tarsus length were found between the sexes in juveniles, with males larger in all variables than females (Tables 1 and 6 ). The DFA conducted on 1997 adult murrelets from Desolation Sound accurately assigned 66% overall to sex (62.0% males and 70.1% females). With cross-validation the accuracy was reduced to 65% overall (62.0% males and 67.9% females). The most accurate DFA was achieved by using all variables. The derived discriminant formula was: When data are applied to this formula, those >0 are males and those <0 are females.
Using data from only 1 observer improved the accuracy of the DFA to 76% overall (71.4% females and 79.4% males), and with cross-validation accuracy improved to 69% (71.4% females and 67.6% males). Leaving out bill width provided the most accurate result, with the following formula being generated: D = 53.8 -0.6 (culmen length) -bill height -0.3 (wing)
DISCUSSION
The data collected during this study have provided the 1st morphometric description of marbled murrelets from Desolation Sound and Mussel Inlet. They also have allowed the 1st detailed description of sexual differences in marbled murrelet morphometrics using live birds, and have allowed assessment of the validity of a DFA to determine the sex of marbled murrelets.
TABLE 5. Comparisons of marbled murrelet morphometrics measured in birds captured using different methods and during different sessions (data from 1 observer during 1997; data were insufficient to test females among sessions). There were no statistically significant differences in any of the variables tested. 1994 1995 1996 1997 Wing chord length t25 = 0.8 t65 = 1.9 t104 = 3.3 t92 = 1.4 t302 = 5.5 P > 0.05 P > 0.05 P < 0.002 P > 0.05 P < 0.0001 Culmen length t25 = 0.2 t64 = 1.6 tl07 = 3.1 t92 = 1.9 t302 = 5.5 P > 0.05 P > 0.05 P < 0.003 P > 0.05 P < 0.0001 Bill width U = 151.0 U = 592.5 U = 1970 U = 1551.0 U = 30790.5 P < 0.05 P > 0.05 P > 0.05 P > 0.05 P > 0.05 Bill height U -166.5 U = 445.0 U = 1627.0 U = 1609.5 U = 28939.5 P < 0.05 P < 0.05 P > 0.05 P > 0.05 P < 0.05 Tarsus length U = 130.5 U -523.5 -U 1047.5 U = 29213.5 P < 0.05 P > 0.05 P > 0.05 P < 0.05
Inter-observer Effects
Like many large, long-term programs, the study at Desolation Sound requires a number of observers. However, it has resulted in inconsistencies in measurements, even though all observers in the program were trained in measurement techniques. The variety of tests carried out in this study indicated the degree of inter-observer effects. Significant differences in data from different observers within years, the inconsistent differences between sexes each year, inter-annual comparisons from 2 observers, and recapture data that suggested birds had decreased in size, all highlighted the magnitude of the effects.
Percent ME revealed that the least reliable measurement was wing chord length and the most reliable was tarsus length. However, all morphometrics had a high %ME (>10%, as suggested by Lougheed and others 1991). Studies assessing the reliability of morphometrics in passerines found wing length to be the most reliable (Gosler and others 1998) , which suggests wings of marbled murrelets may be more difficult to measure accurately than those of many passerines.
Although using data from only 1 observer reduced variability and improved the accuracy of the DFA, it is not feasible for only 1 observer to measure all birds in the Desolation Sound program. The importance of carefully training personnel, cross-checking data among observers, and assessing the degree of inter-observer effects when drawing conclusions about significant differences in morphometrics, cannot be overstated (as suggested by Barrett and others 1989; Dzubin and Cooch 1992) .
The standard deviations in measurements of marbled murrelets in our study were smaller than those in a study by Pitoccelli and others (1995) but were larger than those in a study by Sealy (1975) . This suggests that the use of 1 measurer results in smaller errors; however, Sealy's (1975) study was conducted in a museum on dead specimens, which may have also allowed more accurate measurements.
Morphometric Comparisons
Adult marbled murrelets were significantly larger than newly fledged juveniles. No differences in morphometrics were found among birds across years, captured at different times of day, or captured using different techniques. Therefore, morphologically distinct groups were not apparent in this study, and no further insight can be provided into why a male-biased sex ratio is found in birds captured by mist-netting but not night-lighting.
Significant differences in culmen length, wing chord length, and tarsus length were found between birds at Desolation Sound and Mussel Inlet, suggesting morphological differences between the populations. Comparisons of murrelets in the current study to those from Langara Island (approximately 600 km N of Desolation Sound) and Alaska (Sealy 1975; Pitocchelli and others 1995) indicated they were similar in size, with some exceptions (Table 7) . Birds in the current study had larger culmen lengths and bill heights, but smaller tarsi than those at Langara Island. They also had longer wing chords and culmens than those in Alaska. However, comparisons to the Alaska data set are difficult because the sexes were combined in that study and wing chord length differed between ground-and tree-nesting murrelets. The distribution of marbled murrelets in North America is described as discontinuous with possibly genetically discrete populations and with unknown rates of exchange among them (Ralph and others 1995) . While the morphometric data that are provided give an assessment of the discreteness of populations of marbled murrelets, statistical comparisons are not possible until the degree of inter-observer differences among the studies is determined. Until such effects are determined and minimized, conclusions about differences among these populations must be tentative.
Discriminant Function Analysis
The sexual dimorphism found in adult marbled murrelets was small (females were approximately 98% the size of males), but allowed a 65 to 66% success rate in separating sexes using a DFA, with the sex of adults being more accurately identified than the sex of juveniles. Generally the sex of alcids is very difficult to determine in the field due to monomorphic plumage and similarity in body size (Bedard 1985) . Reliable determination of the sex of alcids using morphometrics has been achieved with crested auklets (Aethia cristatella; 95% accuracy using bill shape, Jones 1993), Cassin's auklets (Ptychoramphus aleuticus; 94% and 86% accuracy, Nelson 1981 and H. Knechtel unpubl. data, respectively), ancient murrelets (Synthliboramphus antiquus; using bill depth 87% and 70% accuracy, Jones 1985 and Gaston 1992, respectively), and Atlantic puffins (Fratercula arctica; 65% accuracy using bill depth and culmen length, Corkhill 1972). There is little sexual dimorphism in common murres (Uria aalge) making the use of a DFA impossible (Threlfall and Mahoney 1980) , and there also is little apparent dimorphism in razorbills (Alca torda), black guillemots (Cepphus grylle), and least auklets (Aethia pusella) (Gaston and Jones 1998). While the accuracy of the DFA in marbled murrelets is greater than in some other alcids, it has only limited value (particularly given the problem of inter-observer effects), and in order to eliminate errors in the assignment of sex, the molecular technique (Vanderkist and others 1999) must be employed.
This study has determined that there may be some morphological differences between birds from Mussel Inlet and Desolation Sound, and apparent differences between the birds in our
